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ABSTRACT
Each year the number of Open Access (OA) papers is gradually
increasing. We carried out a study investigating 400 universities
from 8 countries to examine: i) the total number of OA papers per
country, ii) proportion of OA papers published by representative
universities in each country classified into three tiers of research
quality: high, middle and low, iii) how universities within the same
country compare to each other and iv) the growth of OA papers in
countries per year. We conclude that among the analysed countries
the UK and USA rank first and second respectively, while Russia
and India are positioned towards the bottom of the list. We observe
no link between the proportion of OA papers published by authors
at a university and the university ranking, with some universities
in the middle university rank tier having a larger proportion of OA
papers than those in the high tier.
CCS CONCEPTS
• Information systems → Data mining; Digital libraries
and archives; • Applied computing→ Publishing.
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1 INTRODUCTION
The impact of the world wide web has affected scholarly communi-
cations; journals abandoned the printed version of their volumes
and issues and started publishing in an online form. Authors did not
need to solely depend on a structured publishing system but were
able to disseminate their work more freely via alternative routes
of publication. They were also in position to choose the level of
use and reuse of their articles for their readers, enabling not only
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technically, but also in terms of rights, the furthest possible dissem-
ination of the results of their research. OA had a preeminent role
in this swift in scholarly communications, since for its application
is required for a paper to be in a digital form, be accessible online
and free of cost to the end user. At the same time an author can
decide whether to apply limited or no licensing restrictions [19].
OA was defined with the Budapest Open Access Initiative [1]
where in addition to the the aforementioned requirements, the
routes to OAwere also determined. Thus, OA can be delivered either
via a publication in an open access journal or via self-archiving in
a repository. In OA jargon these are called Gold OA and Green OA
respectively. It has been eighteen years since the BOAI and during
this time a great amount of OA papers have been published.
This paper analyses the proportion and growth of OA in the
years 2007 - 2017 at a country and university level. Although there
is previous research studying OA growth [12], [20], [13] and using a
variety of databases to count the OA percentage [14], [4], [18], [2],
no previous research has, to the best of our knowledge, neither
investigated OA growth at university and/or country level nor
based their analysis on the same data as ours (more information
about our dataset in Section 3). While it is well understood that
the proportion of OA articles has been growing, it is important to
analyse which institutions, nations (and also OA policies) are most
contributing to this growth. This is where our contribution lies.
2 RELATEDWORK
OA growth can be seen in the numbers reported by the main OA
infrastructure services. For example, CORE1 reports 15 million full
texts and 115 million metadata records from 9,775 content providers.
BASE2 has 157 million metadata records from 7,731 providers, while
OpenDOAR3 registry lists 5,301 repositories. The Directory of Open
Access Journals4 lists 14,179 journals and 4,555,376 articles from
130 countries, while the Directory of Open Access Books5 has
26,308 academic peer reviewed books from 368 publishers. Finally,
the ROARMap6 registry lists 1019 OA policies. According to a re-
port [15] analysing the growth of OA, more than half of the services
studied grew for 10%, while 23% of them grew over 20%.
Previous studies measuring the proportion of OA journals and ar-
ticles discovered 2.6% of OA journals and 3% OA articles in 2004 [14]
and 17% of OA articles and 10% of OA journals in 2013 [18]. For
2017, [9] discovered 12.4% of OA journals and 10.3% of OA articles
while [3] found 18.4% and 18.9% of OA journals and OA articles
1CORE https://core.ac.uk/
2BASE https://www.base-search.net/
3OpenDOAR https://v2.sherpa.ac.uk/opendoar/
4DOAJ https://doaj.org/
5Directory of Open Access Books https://www.doabooks.org/
6ROARMap https://roarmap.eprints.org/
Table 1: Count of universities found in THEWUR and MAG for each analysed country
Austria Brazil Germany India Portugal Russian Federation UK USA
THE WUR count 11 46 48 56 13 39 100 172
MAG count 9 34 34 46 11 21 91 154
% Coverage 81.81% 73.91% 70.83% 82.14% 84.61% 53.84% 91.0% 89.53%
respectively. Other research [2] studied the peer-reviewed OA Gold
papers in Europe and in the world to discover that the growth
for years 1996 - 2012 was 24% per year. Related studies have also
measured the volume of OA with regards to both of its two publi-
cation routes, Gold and Green OA. A study with 2006 data revealed
a 11.3% Gold OA and 8.1% Green OA [4], while a study for 2008
revealed a proportion of 6.6% Gold OA and 14% for Green OA [5].
For 2012, [20] discovered from a sample that 2.4% was Gold OA
while 21.4% was Green OA and for the same year another study
found 17% was Gold OA and 5% Green OA [12]. Similar studies mea-
sure the growth of content self-archived in repositories, including
pre-prints. OA self-archived papers increased significantly between
2005 and 2007 [6], while a recent study shows that gradually more
and more pre-prints are self-archived in repositories, over 9,000
papers for years 2016 - 2019 [16]. We distinguish our work from
these studies because we:
• present for the first time OA growth analysis at country
and university level.
• use a unique dataset combining CORE, the world’s largest
aggregator of OA content, with Microsoft Academic Graph
(MAG), the only freely available database of information
about scholarly publications.
3 METHODOLOGY
In this research, we examined OA performances of eight countries -
Austria, Brazil, Germany, India, Portugal, Russia7, United Kingdom
and United States - and their universities, which are included in the
Times of Higher Education World University Rankings 2020 (THE
WUR)8. In contrast to other similar tools9,10, THE WUR provides a
direct indicator of how universities rank with regards to research as
well as citations. The countries were selected as an appropriate mix
of developed and less developed countries. The universities within
each countries were selected based on their availability in MAG and
only the papers published in the years 2007–2017 were considered
(see Section 3.2). Specifically, we present results for years 2007-2017
in terms of:
(1) Percentage of OA papers published by representative univer-
sities that ranked at high, middle and low tiers in selected
countries.
(2) Total count of OA articles published by each country, and
(3) Growth of OA content for each country for each year.
7For brevity reasons, we use Russia instead of Russian Federation.
8https://tinyurl.com/y2n8kbv6
9ARWU (http://www.shanghairanking.com/)
10QS world ranking (https://tinyurl.com/y46u4un8)
3.1 Data Preparation
We used MAG [17] as a reference dataset to identify all publications
relevant to our study. MAG is a graph of scholarly publications
organized into database tables, which record different information
related to scholarly publications such as citations, author names,
institution (universities as well as other publishing bodies) names
and publication years. MAG ranks competitively to alternative
resources that index research papers [7] and is freely available for
use – this made it an ideal choice for our work. The following MAG
tables11 were relevant to us:
affiliations – Contains geographic coordinates (latitude, longi-
tude) and unique identifiers (affiliationid) for various institutions
along with their names (normalisedname).
paperauthoraffiliations – Contains records of all papers (pa-
perid) published by all institutions in the database (affiliationid).
papers – Contains metadata of papers (paperid) such as year of
publication.
To determine the OA status of a paper we used CORE Discovery,
a service that finds links to freely accessible copies of research
papers using CORE [11] as well as multiple external services. It
delivers state-of-the-art performance compared to other existing
discovery tools in terms of both content coverage and precision [10].
3.2 Data
We used geographic coordinates to identify countries12 for insti-
tutions in MAG. For each country in our study, we matched the
universities with the institutions identified in MAG for the corre-
sponding country. The matching was done based on the institution
name – we normalised13 the names of our universities and checked
for string match with the normalisedname of institutions in MAG.
Table 1 lists the count of universities in THE WUR and the cor-
responding matches we found in MAG using this approach. This
accounts for a total of 400 universities included in our study. The
lowest coverage was observed for Russia (53.84%) while others
had a fairly good coverage with UK having the highest (91.0%).
Subsequently, we extracted lists of unique papers along with their
year of publication for each university in our study using the MAG
tables mentioned above. Finally, we enriched this dataset with OA
status information, true/false, for each paper in our collection as
was given by CORE Discovery. We note the following:
• Our dataset compiles OA information at the granularity of
papers published by individual universities. This enables
for a straight-forward study of university level OA analysis,
which was, to our knowledge, not previously conducted.
11The complete MAG data schema is available at https://tinyurl.com/v4r5tfv
12based on https://tinyurl.com/v2gypq9
13lowercase, punctuation removal and ASCIIfication
• The same paper can belong to multiple authors affiliated
with the same university. We considered such instances to
be duplicates and preserved only a single instance of the
paper for that university. Also, a paper can have multiple
authors affiliated with different universities. In such cases,
we included a single instance of the paper for each of the
universities concerned.
• To perform the OA study at a country level, we merged the
records from all universities in the corresponding countries
after eliminating possible duplicates, i.e. the records of pa-
pers with multiple authors from different universities within
the same country were preserved only once.
• Our dataset is based on the 2018 release of MAG and CORE
Discovery. In fairness to duration needed for deposit of OA
content into repositories and harvesting from them, we ex-
tracted and analyzed papers published until 2017.
In order to perform university level OA analysis, we further iden-
tified representative universities for each country in our study.
Within each country, we first classified the universities into three
tiers – “high”, “middle” and “low” based on their ranks by “research”
score in THE WUR. From each tier 𝑥 of each country 𝑦, we se-
lected five14 universities with median rankings within that tier and
designated them as representative universities of the tier 𝑥 for the
corresponding country𝑦. In total, this resulted to 108 representative
universities for our university level OA analysis.
4 RESULTS
Figure 1 shows the percentage of OA publication by the represen-
tative universities for each country for the years 2007 - 2017. With
regards to the universities tiers, it seems that the data do not present
a specific pattern. In Austria, the high and middle tier universities
have a close percentage of OA papers (33.54% and 32.21%) with the
mean for these two tiers being 25.86% and 25.39% respectively. It
is interesting that in Germany the middle tier ranks higher, with a
mean of 27.44%, comparing to the high tier with 22.75%. Portugal is
the country with the lowest data variation, but we observe that the
middle tier universities perform poorly, mean OA 15.78%, compared
to the universities in the low tier, mean OA 20.97%. The UK has
the highest means: high - 29.93%, middle - 25.40% and low - 23.13%,
while India has the lowest accumulative mean 11.35% with Russia
ranking slightly higher 11.72%.
Table 2: Count and percentage of OA papers per country
% OA Count OA Count Unknown Total
Austria 23.22% 27,928 92,345 120,273
Brazil 19.54% 117,405 483,227 600,632
Germany 22.27% 133,805 466,992 600,797
India 10.73% 27,918 232,245 260,163
Portugal 21.16% 26,850 100,010 126,860
Russia 14.49% 13,700 80,834 94,534
UK 26.68% 339,410 932,428 1,271,838
USA 24.04% 938,287 2,963,252 3,901,539
14three in case of Austria and Portugal due to low number of total universities
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Figure 2: Percentage of OA papers published in each year
We also estimated the OA count for all the universities in all
the eight studied countries. In Table 2, we see that the UK has the
highest percentage of OA outputs, 26.68%. This percentage is higher
than the previously mentioned studies in the related work, but this
difference should be expected because in the meantime, OA growth
is expected to have increased. Second and third are USA (24.04%)
and Austria (23.22%) while Germany (22.27%) and Portugal (21.26%)
rank lower with a small difference of 1%.
Figure 2 shows the percentage of OA papers published for each
year per country. The results present an expected pattern; earlier
years, 2007 - 2011, show low numbers of OA papers with a steady
growth, but numbers increase significantly after 2012. In 2016 there
is a peak for both Austria and the UK with slight drop in 2017. This
could probably be caused by difficulties with aggregating recent
data from providers and/or OA discovery issues. Although our
analysis shows Brazil has had lower numbers comparing to other
countries, it’s percentage of OA papers is drastically increasing,
while Germany and Portugal follow a steady route.
Table 3: Funder and Institutional OA Policies per Country
Institutional Funder
Austria 13 1
Brazil 22 1
Germany 71 0
India 9 1
Portugal 25 1
Russia 4 0
UK 19 93
USA 78 4
5 DISCUSSION
OA growth is globally promoted via international funder policies,
with most recent being for example CoalitionS’ PlanS15, and actions
such as the Open Access 2020 Initiative 16. For the countries we
studied, ROARMap lists the number of policies (Table 3), showing
how many funder and institutional OA policies have been estab-
lished in each country. The UK has the greatest number of both
funder (19) and institutional policies (93), while USA comes second
in the number of institutional OA policies (78), and third in the
number of funder policies (4). The rest of the countries hold the
second place in terms of funder policies (1). In Section 4, we see
that UK ranks first in its proportion of OA papers, while India ranks
last among the studied countries. Portugal, with only one funder
policy, but with 25 institutional policies has an OA percentage of
21.16%. Another example from the tested countries, Brazil, has a
fairly low number of funder (1) and institutional policies (22) - es-
pecially when compared with the number of universities in the
country - and its OA percentage is slightly lower than Portugal’s.
A recent study [8] discovered that the UK is a leader not only
in the growth of OA but also leads in the shortest time lag, by
observing that strict time limited deposit requirements increase
OA counts. If we take into account the number of funders and
institutional OA policies, they seem to contribute to the growth of
OA in the country. It will be useful if future work could quantify
the extent to which the choice of making a paper OA is driven by a
national or an institutional policy vs authors own desire, providing
a strong evidence for adoption of these policies in other countries.
This study does not make a distinction between OA papers pub-
lished in journals and submitted in repositories, but takes into
consideration this count as a whole. It also did not attempt to study
the factors that could promote an increase in the percentage of
OA papers and whether OA funder policies are a decision-making
factor. Such studies could be investigated in future work.
6 CONCLUSION
This study investigated the OA scenario for eight selected countries
and their universities; the latter chosen based on their rankings in
THEWUR. The OA count and proportions were calculated based on
data from CORE, the world’s largest aggregator of OA papers, and
MAG, the largest freely available dataset of scholarly publications.
15PlanS https://www.coalition-s.org/
16OA2020 https://oa2020.org/progress-report-nov2019/
We found that as a country the UK has the highest proportion of
OA papers; the UK universities produce the largest amount of OA
papers and have the largest mean. The rest of the order at a country
level is as follows: USA, Austria, Germany, Portugal, Brazil, Russia
and India. We could not find a significant pattern with regards to
the percentage of OA papers from the universities in our sample
and we also found that some middle tier universities rank higher
in the percentage of OA papers than the high tier universities in
their own country. The key message of our paper is that OA is ever
so growing and we are observing more universities choosing to
publish and/or disseminate research papers using the OA routes.
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